Abstract This paper presents results and observations obtained from a study of the optical and thermal properties of alkali tellurite depending on the composition. Fourier transform infrared (FT-IR) spectra showed evidence of chemical modification from TeO 4 trigonal bipyramids (tbp) to TeO 3 trigonal pyramids (tp) in tellurite glasses. The optical band gaps of the different glass samples calculated using Tauc's method were found to range from 3.5-3.8 eV. The glass transition temperature (Tg) and glass stability (∆T) of alkali tellurite glasses were investigated, as M 2 O [M: Li, Na, K] amounted to 25 mol%, through the use of differential thermal analysis (DTA). The coefficient of thermal expansion (CTE) was measured in a thermo mechanical analysis (TMA) with a slow heating rate after the glass samples were annealed. The results confirm that the optical band gap of alkali tellurite glasses depends on the Te-O-Te structural relaxation related to the ratio of bridging/ non bridging oxygen (BO/NBO). In contrast, the thermal properties are related to the ionic field strength of the Te-O-M and M-O-M bonds, and the Te-O-Te breakage depends on the ratio of BO/NBO.
Introduction
In recent years, glasses doped with rare earth ion (RE) have been studied with much attention for optical devices (optical lasers and amplifiers, sensors and optical switching) due to their interesting optical properties 1, 2) contributed to the sharp spectral lines of RE ions by the transitions between levels inside the 4f electronic shell.
3)
Chalcogenide and Tellurite glasses have been much considered as a candidate host glass composition with containing RE ion, due to the high solubility of RE ions and the low phonon energy for maximizing the quantum efficiency of photoluminescence. 4, 5) Especially, it is well known that the tellurite glass has more profitable properties for optical devices, because of their high refractive index, high transmittance in infrared region and high chemical durability as well as relatively easy technique to melt glasses.
6~8)
Alkali ions [M 2 O, M: Li, Na, K] take a role as a network modifier in tellurite glass so that it induces the low melting temperature and a good glass stability according to Zachariasen's rules.
9) However, the optical transitions between 4f −5d levels which is main mechanism of photoluminescence of RE activate ion are so sensitive to host glass composition that it is important to investigate the change of glass properties. For clarifying the structure of the tellurite glasses, many kinds of the works has been done so far. Dimitriev et al. and Sakida et al. have suggested that the basic structural units have been TeO 4 trigonal bipyramids (tbp) and TeO 3 trigonal pyramids (tp) in tellurite glasses by using a nuclear magnetic resonance (NMR) and an extended X-ray Absorption Fine Structure (EXAFS). Moreover, they have shown that the TeO 3 fraction increased at the expense of the TeO 4 units, as network modifier oxides were added, due to the formation of nonbridging oxygen sites
10~13)
In this work, as the M 2 O [M: Li, Na, K] added in TeO 2 based glass up to 25 mol% , we have investigated the change of some properties of the glasses and explained the phenomenon with relating to the chemical modification of TeO 4 trigonal bipyramids. 10, 15, 20, 25, 30] All weighed chemical powders were finely mixed for 10 minutes. Each batch (10 g) was melted in platinum crucibles in an electrical furnace at 1000 o C for 30 min. These melts were quenched on steel plate and the transparent pale yellow samples were obtained. The asquenched glasses were ground and screened to obtain glass powder.
DTA was performed to obtain the thermal properties (Tg, Ts, Tx) of the glasses by using Shimazu DTA-60 with heating rate of 10 o C/min. The coefficients of thermal expansion (CTE) of the glasses were obtained by thermo mechanical analysis (TMA) using Shimazu TMA-60 with heating rate of 2 o C/min. UV-VIS spectrometer was used to calculate the optical band gap of the glass samples by using Agilent 8453 UV-VIS spectrometer with a halogen light source.
Infrared (IR) measurements were performed on glass powder samples dispersed in pressed KBr pellets using a Nicolet Nexus 670 FTIR spectrometer. The spectra were recorded in transmission mode at 32 scans with 4 cm
resolution in the 1000-400 cm −1 range. 
Results & Discussion

FT-IR Spectra
Optical Band Gap
Fig .3 shows the optical band gaps of alkali tellurite glasses. The optical energy band gaps of these glasses were calculated by Tauc's equation as following:
Where, hν is photon energy and α(ν) is absorption coefficient which was calculated by Lambert-beer equation as following:
Where, T is sample's transmittance, T 0 is blank's transmittance, α is absorption coefficient and d is sample's thickness.
As shown in Fig. 3 , the entire optical band gap was getting wider, as the network modifier increased. In the Li 2 O-TeO 2 binary system, the optical band gap increased from 3.5 to 3.8 eV due to the addition of Li 2 O up to 25 mol%. When the Na 2 O was added as the network modifier, the optical band gap was increased from 3.55 to 3.85 eV. Incase of the K 2 O-TeO 2 binary system, the optical band gap showed in the region from 3.6 to 3.9 eV. These results showed that the range of the optical band gap revealed at the higher photon energy, as the radius of alkali ion increased. However, there were no differences of the increasing rate (∆Eg/mol) regardless of the type of alkali oxides. Dayanand et al. have suggested that the absence of the long range order contributed from the local inhomogeneities related to the ratio of BO/NBO has played an important role in deciding the optical band gap of the glasses, because the relaxation of glass structure leaded to the decrease of photon's mobility.
16) It have designated that some factors such as the difference of the ionic field strength have not contributed to the optical band gap of the glass.
Glass transition temperature
The glass transition (Tg) and the softening temperature of alkali tellurite (Ts) are shown in Table 1 C as the ratio of BO/NBO changed. However, the glass stability of the 20Na 2 O80TeO 2 (mol%) glass was shown a higher value than 100 o C due to the shift of nucleation temperature caused by the different crystalline structure. In the K 2 O-TeO 2 binary system, the glass stability was decreased as a result of the shift to lower nucleation temperature. Tg and Ts of the K 2 O-TeO 2 glasses were decreased more significantly than the Li 2 O-TeO 2 and Na 2 O-TeO 2 binary system. Fig. 4 shows the change of Tg. In the glass science fields, the additivity principle has been used to calculate the glass properties so far. The additivity principle implies that the relation between the glass composition and a specific property is linear to all glass component concentrations with Ci and Pi representing specific glass component concentrations and related coefficients respectively in the equation below.
Additivity Principle: Glass propertie =
Thus, we have used the least squares line in order to approximate the linear relation between the glass properties and their composition by using the below equation.
The Least Squares Line: y = a＋bx, (4) Where, a, b are unknown coefficients while x i and y i are given from the experimental data.
In Fig. 4 , as the M 2 O concentration increased, the decreasing rates of Tg were getting higher in order of Li＜ Na＜K. The linear changes of glass transition temperatures are following:
If the effects of the M 2 O on the ratio of NBO/BO in the glass are equal regardless of the type of alkali ion, this result could be explained by the IFS (ionic field strength) depending on the ionic radius of alkali ion. 
Where, Z 1 , Z 2 are the valence of ions, e is electron charge, r 1 , r 2 are the radius of ions. Therefore, the weaker IFS between alkali ion and non-bridging oxygen, the easier structural releases related to glass transition could be generated. Thus, this tendency was in a good agreement with the ionic field theory.
Coefficient of Thermal Expansion
The tendency related to the IFS was also shown in the change of thermal expansion coefficient (CTE) as shown in Fig. 5 . The tellurite glasses were so unstable against rapid thermal expansion that TMA (thermo mechanical analysis) was conducted with a slow heating rate of 2 o C/ min after annealing below Tg for 3 hours. The CTE curves were shown in errors by less than 5%.
As shown in Fig. 5 , the thermal expansion of glass was increased as the M 2 O concentration increased, and the changing rates of the CTE showed a higher value in order of Li＜Na＜K due to the lower IFS attributing to the higher non-harmonic lattice's vibration in glass structure.
18)
Conclusion
In this study, we have investigated the optical and thermal properties of the binary alkali tellurite glasses, as the M 2 O [M: Li, Na, K] added up to 25 mol%. From the FT-IR spectra, we have confirmed the structural modification from TeO 4 trigonal bipyramids (tbp) to TeO 3 trigonal pyramids (tp). The optical band gaps which were depended on the Te-O-Te breakage were increased, as the ratio of BO/NBO changed. However, it was not related with the types of alkali ions. Contrarily, the thermal properties of alkali tellurite glass were related to the chemical modification of the Te-O-Te bonds as well as the Te-O-M and M-O-M bonds depending on the ionic field strength. In other words, even though the changes of the thermal properties showed the similar tendency, their changing rates were different due to the different M-O field strengths contributed from the each radius of the alkali ion. 
